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Abstract 
The paper presents an evaluation of the performance of the developed sensor system for dynamic 
detection of the concentration gradient of volatile compounds in the air. Real-time measurements of the 
spatial gradient are difficult, because of inherently unstable propagation of chemical plume in the air [1]. 
A special test chamber with dynamically stable gas concentration distribution was used to obtain 
repeatability conditions and reliable results. The spatial distribution of tested gas in the test chamber was 
estimated by CFD simulations. The results proved that the real-time detection of small differences in gas 
concentration at small distances is possible. 
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1. Introduction 
Fast and reliable detection of a local gradient of gas concentration in 3D space is needed in localization 
of leakage and gas emission sources, commonly called 3D odor navigation. A successfully developed 
solution for mobile robot navigation along a chemical path in two dimensional spaces was shown in 
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previous work [2]. This article shows the examination of performance of the active sensor system 
dedicated to a more complicated case - localization of emission source by robots equipped with olfactory 
sensors[3]. 
2. The experimental setup 
The proper gas sampling system is very important for a mobile sensing unit, due to specific 
requirements related with real time measurement on a moving platform. In this work dynamic sampling 
system was used - the gas flow through the semiconductor sensor housing was mechanically enforced by 
a small (φ=25 mm) fan. The maximum static pressure of the used fan was  below 50 Pa, but it was 
sufficient for this application. The air velocity measured at air inlet of the sensor was about 0.4 m/s. 
Commercially available, low cost SnO2 sensor dedicated to ethanol detection, TGS 2620 was used as the 
sensing element. It should be mentioned that enforced gas flow (about 5cm3/s) increased heat dissipation 
in sensor housing, so applying a higher heater voltage was needed for providing proper operating 
temperature of the gas sensitive semiconductor layer. 
The active probe sampling system was placed on a revolving arm to create a "chemical scanner" (Fig. 
1a) able to measure gas concentration during rotation at a controlled speed. This device was placed inside 
an airtight chamber (Fig. 1b). The chamber dimensions (50x30x12 cm) were chosen by compromising 
maximization of ability of prediction of gas concentration distribution and minimization of influence of 
moving sensor system. Large open space is hard to simulate by CFD methods, because a greater distance 
from the surfaces where the boundary conditions (inlets and outlets) were specified cause a bigger 
uncertainty. A gas sample with known concentration of ethanol vapor was pumped into the chamber by 
central inlet, while clean air was pumped into by side inlets, thus creating the specified concentration 
distribution. In comparison with the volume of the small chamber (18 l), the flow rate (22 l/min) was 
relatively high, and the air exchange rate in the chamber was higher than 1 per minute. In this case, local 
disturbances caused by the movement of the sensor arm quickly disappear, and might be omitted.  
The interior of the chamber was simulated in ANSYS/FLUENT Computational Fluid Dynamics (CFD) 
environment and the calculated spatial gas concentration distribution (Fig. 2) was used as a reference to 
the sensor signal value. The sensor response was measured and transmitted to PC in real time using an 
embedded system based on the STM32F103RBT6 microcontroller.  
 
a) b) 
 
 
Fig. 1: The experimental setup. a) Model of the revolving arm with semiconductor gas sensor and active probe sampling system.  
b) Diagram of the experimental test bench 
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Fig.2: Results of CFD simulation - molar fraction of ethanol vapor in cross-section of the test chamber.  
3. Results 
The sensor system response in quasi steady state in seven different positions of the scanner was shown 
in Fig. 3. The sensor was moved to a specified position, hold for 2 minutes and moved to succeeding 
position. Raw sensor response is characterized by rather large fluctuations (corresponding to real gas 
concentration fluctuations in turbulent flow), but abrupt changes in gas concentration are clearly visible. 
Fig. 4 shows dynamic response of the sensor moving at a constant rotational speed to the concentration 
change in space. The increase and decrease of the concentration (the sign of gradient) can be detected 
easily and this is crucial for developing the robot control algorithm. Data from several consecutive scans 
were superimposed in Fig. 4b in an angular position domain. It can be observed that the sensor signal is 
correlated to the concentration changes, but also a small shift, related to sensor inertia is visible.  
 
 
 
Fig. 3: Sensor response in quasi steady state, 120 s long exposition in 7 different sensor positions in comparison to simulated ethanol vapor 
concentration at a given point. 
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a) b) 
 
 
Fig. 4: Sensor response in comparison to simulated gas concentration at a given point, during consecutive scans of the sensor neighborhood 
a) In time domain, b) Juxtaposed in angular position of the sensor arm. 
4. Conclusions 
The devised experimental test bench providing stable test conditions has allowed evaluation and 
comparison of the dynamic characteristics of sensor modules. The possibility of detection of the 
concentration gradient in real time using the developed active sensor system based on commercially 
available gas sensors and small fans was proved. It can be concluded that the proposed gas sampling 
system will be suitable for use in the navigation of mobile robots seeking odor sources on the basis of 
gradient algorithms and will contribute to the development of olfaction-based mobile robot navigation [4]. 
This system will be applied on a small mobile robot for testing with several bioinspired sensor-driven 
guidance algorithms [5] in uncontrolled indoor environment [6]. 
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